The action of lutropin (luteinizing hormone, 'LH') on steroidogenesis in rat tumour Leydig cells is accompanied by activation of protein kinase and phosphorylation of proteins, and increased synthesis of specific proteins (Janszen et al., 1978; Cooke et al., 1979; Bakker et al., 1981 ; for a review, see Rommerts & Brinkmann, 1981) . It is not known whether, and if so how, phosphorylated proteins or newly synthesized proteins are related to the rate-limiting step in steroid production, i.e. the cholesterol-side-chain-cleavage activity in mitochondria. Lutropin-dependent phosphorylation of five proteins (17000, 22000, 24000, 33000 and 57000 Da) has been demonstrated in rat tumour Leydig cells, and phosphorylation of these proteins coincided with increased steroid production (Bakker et al., 1981) . The 17000-Da protein was isolated from the nuclear fraction, and the other four proteins were isolated from the postmitochondrial supernatant. None of the lutropin-dependent phosphoproteins was localized in mitochondria. Hence a direct effect of these phosphoproteins on the cholesterol-side-chain-cleavage enzyme appears unlikely.
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Hormone [corticotropin (ACTH) or lutropin]-stimulated steroid production is dependent on protein synthesis (Schulster et al., 1974; Cooke et al., 1975; Farese et al., 1980) . Lutropin-dependent phosphoproteins present in the postmitochondrial supernatant may be involved in regulation of protein synthesis essential for steroidogenesis. In the present study we have therefore further investigated the localization and properties of the phosphoproteins present in the postmitochondrial supernatant, with particular reference to the ribosomes.
Materials and methods
Details of chemicals and methods used for isolation and incubation of tumour Leydig cells have been described previously (Bakker et al., 1981) .
[32P]P1 (carrier-free) and U-14C-labelled L-amino acids mixture (100-500 Ci/mol) were purchased from New England Nuclear, Boston, MA, U.S.A.
Isolation of testis Leydig cells from immature (21-23 days) and mature (90-100 days) Wistar rats (substrain R -Amsterdam) was performed as described by Janszen et al. (1976) , except that no dextran-0306-3283/82/060809-07$01.50/1 (© 1982 The Biochemical Society centrifugation step was used. Incubation of cells was essentially as described by Bakker et al. (1981) . In brief, cells were preincubated for 60 min and incubated with or without lutropin/3-isobutyl-1-methylxanthine as indicated (lutropin concentrations: lOOng/ml for immature and mature testis Leydig cells, 10OOng/ml for tumour Leydig cells; 3-isobutyl-l-methylxanthine: 0.25mM). Incubations were performed in the presence of inhibitors of pregnenolone metabolism or [32p]p;, and with or without cycloheximide (89,pm) or puromycin (120puM).
For isolation of ribosomes, tumour Leydig cells were incubated at 320C under an atmosphere of 5% CO2 in air in Krebs-Ringer buffer without phosphate (pH7.3), with 0.2% glucose and 0.1% albumin (4 x 107 cells/2.5 ml). Labelling was performed for 60min with 125,uCi of [32P]P1 in the absence or presence of lutropin/3-isobutyl-l-methylxanthine or cycloheximide, as indicated. Subsequently, cells were transferred to tubes containing 5 ml of 0.125 M-NaH2PO4/20 mM-NaF/82 mM-Tris (pH 7.3). Ribosomes were isolated as described by Walton & Gill (1973) . Cells were centrifuged (10min at lOOg), resuspended and homogenized in 0.25 M-sucrose/ 50mM-Tris/HCl (pH 7.5)/25 mM-KCl/5 mM-MgCl2/ 20mM-NaF, with a Dounce glass homogenizer as described by Bakker et al. (1981) . After removal of cell debris (10min at 100g) and nuclei plus mitochondria (10min at 15000 g), the isolated postmitochondrial supernatant was adjusted to 4% Triton X-100 and 1% sodium deoxycholate. A ribosomal pellet was obtained by centrifugation in a Beckman SW 40 rotor for 2 h at 29000rev./min (105000ga. (Fig. 2) .
Effects of inhibitors of protein synthesis on pregVol. 204 nenolone production and phosphorylation of proteins were investigated with concentrations of cycloheximide (89 pM) and puromycin (120 pM) as described by Cooke et al. (1975) for mature testis Leydig cells. These concentrations inhibited protein synthesis in all Leydig cells investigated to the same extent (approx. 95%). Cycloheximide or puromycin inhibited both basal and lutropin-dependent pregnenolone production in tumour Leydig cells by approx. 90% and 98% respectively (Table 1) . In contrast, a specific phosphorylation of the 33000-Da protein was detected in the presence of cycloheximide (Fig. 3) Kinetic studies of the inhibition of pregnenolone production and the phosphorylation of the 33000-Da protein were performed with cycloheximide. The decrease with time in basal and lutropin-stimulated pregnenolone production after addition of cycloheximide was more or less the same, which indicated the possible involvement of a protein(s) with a half-life of approx. 6 min (Fig. 4) 
Discussion
The aim of the present study was to investigate further the localization of lutropin-dependent phosphoproteins demonstrated in tumour Leydig cells (Bakker et al., 1981) , which might be involved in regulation of steroidogenesis. The results indicate that a lutropin-dependent phosphoprotein of 33000 Da was present in the 40S ribosomal subunit isolated from tumour Leydig cells. Cycloheximide and puromycin also stimulated phosphorylation of this protein, under conditions in which basal and lutropin-dependent pregnenolone productions were inhibited. The decrease with time in pregnenolone production under basal and stimulated conditions was about the same, which suggests the possible involvement of a protein(s) with a short half-life (approx. 6 min).
Unlike tumour Leydig cells, basal pregnenolone production in immature and mature testis Leydig cells was not inhibited by cycloheximide (or puromycin). Basal pregnenolone production expressed as ng/60 min per 106 cells in tumour Leydig cells is relatively high (approx. 80 times and 6-7 times the basal pregnenolone production in immature and mature testis Leydig cells respectively). Apart from different contents of Leydig cells in the various preparations (cf. Janszen et al., 1976; Cooke et al., 1979) , the higher basal pregnenolone production in tumour Leydig cells may be due to increased basal amounts of cyclic AMP (cf. Cooke et al., 1976 Cooke et al., , 1979 . This would explain the comparable kinetics of inhibition by cycloheximide of pregnenolone production under basal and stimulated conditions (Fig. 4) .
Effects of protein-synthesis inhibitors on phosphorylation of ribosomal protein S6 have been reported (Gressner & Wool, 1974; Lastick & McConkey, 1980) . The molecular mass, the subcellular localization and the sensitivity to phosphorylation in the presence of inhibitors of protein synthesis suggest that the 33 000-Da protein could be similar to protein S6. Immature and mature testis Leydig cells also showed a lutropin-dependent phosphoprotein of 33 000-Da, which suggests that in Leydig cells from rat testis lutropin-dependent phosphorylation of ribosomal protein S6 occurs.
The increased phosphorylation of ribosomal protein S6 in the presence of inhibitors of protein synthesis has been explained by inhibition of metabolism of cyclic nucleotides (Gressner & Wool, 1974; Leader, 1980) . However, increased amounts of cyclic AMP will probably stimulate cyclic AMP-dependent protein kinase in a non-specific way, resulting in increased phosphorylation of all cyclic AMP-dependent phosphoproteins. In the present study we observed an effect only on phosphorylation of protein S6. Therefore, increased phosphorylation of a specific protein in the presence of cycloheximide or puromycin cannot be easily explained by a non-specific increase in cyclic AMP. Moreover, since no effect of lutropin/3-isobutyl-1-methylxanthine could be detected on the incorporation of P2pIPi into proteins phosphorylation owing to changes in the specific radioactivity of [y-32P]ATP is unlikely. The increase in phosphorylation of ribosomal protein S6 was higher in the presence of cycloheximide than of puromycin, which may be related to the different actions of cycloheximide and puromycin. The action of cycloheximide (inhibition ofthe peptidyl-translocation step of elongation) involves binding to the ribosome, resulting in inhibition of passage of the ribosome along the mRNA. The action of puromycin, however, involves binding to the growing peptide chain, which causes release of this peptide chain and dissociation of the ribosomal subunits. Hence, the greater stimulation of phosphorylation of ribosomal protein S6 in the presence of cycloheximide shown in our study and in other studies (Gressner & Wool, 1974; Lastick & McConkey, 1980) might be due to steric hindrance at the ribosome. Phosphorylation of protein S6 in the presence of cycloheximide increased with time, which may indicate that its phosphorylation continues under the influence of the basal activity of probably cyclic AMP-dependent protein kinase (see above), whereas dephosphorylation is impaired or even impossible, owing to the presence of cycloheximide. During incubations of ribosomes isolated from bovine adrenal (Walton & Gill, 1973) and corpus luteum (Azhar & Menon, 1975) with cyclic AMP-dependent protein kinase, phosphorylation of a single protein in the 40S subunit and of six to twelve proteins in the 60 S subunit has been observed. The greater number of phophoproteins in those studies may represent an artifact in vitro (see, e.g., Krebs & Beavo, 1979) .
Phosphorylation of ribosomal protein S6 has been frequently related to increased protein synthesis (Leader, 1980) . However, in tumour Leydig cells incorporation of amino acids into proteins was not stimulated by lutropin/3-isobutyl-1-methylxanthine during 30min of incubation, whereas lutropin-dependent phosphorylation of protein S6 was almost maximal after 5 min of incubation (Bakker et al., 1981) . It is possible, however, that synthesis of some specific protein, i.e. the rapidlyturning-over protein(s) required for hormonedependent steroid production, is increased via phosphorylation of proteins involved in protein synthesis.
It is known that cyclic AMP can stimulate phosphorylation of protein S6 in some other cell types: hepatocytes (Gressner & Wool, 1976) , thymocytes (Wettenhall & Howlett, 1979) , HeLa cells (Lastick & McConkey, 1980) . Moreover, cyclic AMP can stimulate synthesis of specific proteins such as tyrosine aminotransferase (Wicks et al., 1969; Snoek et al., 1981) and phosphoenolpyruvate carboxykinase (lynedjian & Hanson, 1977) in rat hepatocytes and hepatoma cells, with no detectable increase in general protein synthesis. The increased synthesis of tyrosine aminotransferase in rat hepatoma cells in response to cyclic AMP appears to reflect an increase in the rate of initiation on the tyrosine aminotransferase mRNA (Snoek et al., 1981) . In Leydig cells a similar mechanism could operate for the induction of the rapidly-turning-over protein(s) required for lutropin-dependent steroid production. The lutropin-dependent phosphorylation of ribosomal protein S6 and proteins of 22000 and 24000Da (Bakker et al., 1981 ) might participate in this mechanism of specific translation.
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